Abstract
scale with the lowest figure representing the most desirable and the highest figure the least desirable expression of the traits. During the third week of June 1981, one or more accessions within each species which exhibited above-average shoot biomass were sampled in the field to estimate nitrogen fixation activity. One plant within each plot was excavated with minimal disturbance of the adjacent plants. Nitrogen fixation activity and leaf water potential were estimated in the field by the acetylene reduction and pressure chamber techniques described by Johnson and Rumbaugh (1981) and by Scholander et al. (1965) , respectively.
Results and Discussion
Long-term average precipitation at the U.S. weather stations nearest the plantings (Logan and Snowville, Utah) is shown in Figure 1 and that for the 3 years of study is presented in Figure 2 . Both sites received low amounts of precipitation during July through September of 1981 with 4.1 and 0.5 cm of rainfall in Cache Valley and Curlew Valley, respectively. Maximum daily temperatures during the summer of 1981 exceeded recent historical averages for Cache Valley by only 0. lo C but those for Curlew Valley were 2.4' C above average (Table 1 ). The higher temperatures and initial establishment year. However, only a few plants were found in the Curlew Valley experiment in 1982 and none in 1983. Therefore, second and third year results were available from Cache Valley only. There was a ninefold range in average seed size among the species tested (Table 2 ). M. aculeaza Willd., A4. grunadensis Willd., M. intertextu Mill., M. rugosu Desr., and M. scutellutu Mill. excelled in this trait, whereas the 50 seed weights of M. lupulinu L., M. minima. M. muricatu Willd., and M. prueco DC seeds were less than 0.1 g. Seedlings of large-seeded species were more vigorous and larger than seedlings of small-seeded species. This was reflected in the initial stand and shoot biomass scores recorded on 11 June 1981, 2 months after planting. The associations between seed weight and stand and shoot biomass resulted in significant simple correlation coefficients of r q 0.42 (KO.05) and r = 0.66 (X0.01), respectively. All of the 5 large-seeded species mentioned are adapted to heavy, wet, clay soils (Lesins and Lesins 1979) . M. uculeutu is considered by some authorities, including Urban (1873), to be a botanical variety of M. turbinuta All.
The habits of the small-seeded species differ. M. minima is one of the most widely distributed and the most variable annual medic. It commonly is found growing in dry soils on rocky hillsides or in sands of the Mediterranean region. M. muricatu was considered by Lesins and Lesins (1979) to be a form of the polymorphic species, M. tornutu Mill.. In its natural habitat, it too is found on sandy soils or at least on sites with only a thin layer of dry, loose soil on top of rock. Similarly, M. praecox is best adapted to sandy soils of droughty sites. M. lupulinu is quite different than the other smallseeded medics discussed because it grows best in moister soils and cooler temperatures than the expressly annual Medicugo species. Most populations of black medic in northern Great Basin areas occur at elevations higher than approximately 1,400 m and are short-lived perennials.
Early maturity would be a desirable trait of species selected for northern Utah rangeland pastures so that plants could form seed pods prior to the summer drought stress period. Average date of first bloom of the medic species in 1981 varied from 5 June for M. sauvegeiNegre and M. tornutu to 25 July for M. uchersoniana Urb. (Table 2 ). Accessions not flowering until July would usually be exposed to very restricted soil moisture availability during their reproductive development, and immature or aborted pods would result. This interpretation is supported by the pod abundance scores recorded on 7 July 198 1. M. sauvagei, the earliest flowering species, produced more pods per plant than any other medic. The Pearson correlation coefficient for date of first bloom and pod abundance score was r = 0.53 (KO.01).
Long pod spines, especially if they are curved, are undesirable because they may become caught in the wool of grazing sheep. Several medics have pods of that type but others do not (Table 2 ). There is ample genetic variation within a number of the species to select for types with less prominent spines. tValues were omitted when the background correction exceeded the sample activity. tValues were omitted when the background correction exceeded the sample activity or when there were no nodules.
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Mean plant width measured on 24 September 1981 varied from 34 to 182 cm (Table 2) . Similarly, mean plant height varied among the species from 4 to 62 cm. The perennial, M. fulcutn, was larger than any of the annual or biennial species. M. laciniata (L.) Mill. was the widest and M. bluncheana Boiss. the tallest of the annuals. M. lupulina was among the wider species but of moderate height.
Ability to reseed and seedling survival are absolutely essential for consideration of any plant population as a candidate for longterm pasture usage. Species excelling in number of seedlings per m* in the fall of the first year were M. laciniata, M. lupulina, M. murex Willd., and M. muricoleptis Tin. However, only M. lupulina had more than 100 seedlings per rnz in the summer of the second year of the experiment. Medic seedlings usually overwinter at localities with Mediterranean climates (Fig. 1) . This is less likely to occur in the Great Basin and sufficient hard seed must be formed to reestablish the population each spring. M. fupulina also was superior to the other species with respect to ground cover capability in both 1982 and 1983. This trait also is considered very important for legumes which are to be included in seed mixtures for range reseeding.
Physiological responses of the Medicago species to the environments of the 2 test sites in 198 1 differed (Tables 3 and 4) . Plants in Curlew Valley were smaller, possessed fewer nodules, fixed less nitrogen, and had lower leaf water potentials than plants of the same species in Cache Valley. Average total plant weights of the species at the 2 sites were positively and significantly (KO.05) associated but the correlation coefficient was low. r q 0.38. Analo-
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JOURNAL OF RANGE MANAGEMENT 39(l), January 1986 gous correlations for leaf water potentials and acetylene reduction activities were not significantly different from zero. These differences were interpreted as due to greater drought stress in the Curlew Valley nursery. Plants at that site often were visibly wilted, stunted, and died without forming seed. No plants were alive in the third year of experimentation at Curlew Valley but 25 species persisted into the third year in Cache Valley. Despite large differences among the species in ability to reduce acetylene in the Cache Valley planting, the differences were not statistically significant (m.05).
The acetylene reduction procedure often results in coefficients of variation of greater magnitude than many other agronomic and physiological measurements. However, assuming that the rankings of means provides a valid indication of relative ability to fix atmospheric nitrogen (Table 3) , M. rugosa was more active than the other species while A4. tubercuIuta ranked second. These values are similar in magnitude to those shown by Baltensperger and Smith (1984) for M. lupulina grown in a nitrogen-free medium in a greenhouse environment. The correlation of numbers of nodules and acetylene reduction activity on a per plant basis for species means was positive, r = 0.41 (P<O.O5) ( Table 5 ). The weights of plant parts also were significantly and positively associated, but only nodule weight significantly influenced acetylene reduction. As judged by the coefficient of determination, r2, variation in nodule weight accounted for 24% of the variation in nitrogen fixation capability. Either nodule number or nodule weight would be useful for evaluating the nitrogen fixation potential of legumes in selection nurseries or in rangeland pasture seeding experiments. M. lupulina (black medic or yellow trefoil) is widely distributed in North American as well as throughout the other temperate and subtropical regions of the world. Annual, biennial, and short-lived perennial forms exist (Turkington and Cavers 1979). Many varieties have been described because of the morphological diversity of the species (Lammerink 1968) . Each population from a single site consisted of a number of genotypes in varying proportions which may shift when the population is moved to other habitats or climates. Wheeler (1950) indicated that black medic hay yields of 4.5 to 6.7 ton/ ha were possible but that this species seldom was cut for hay. Wherever it thrives, black medic is a valued constituent of spring and early summer pastures. Blaser and Stokes (1946) described the characteristics of several black medic strains grown in Florida. In the western United States, black medic was well nodulated and capable of fixing atmospheric nitrogen under range conditions (Baltensperger and Smith 1984; Johnson and Rumbaugh 1981; Baltensperger 1983, 1984) . More detailed experiments showed fixation occurring even when soil water content reached as low as 8% (Holter 1978) . Soil nitrogen accumulation in summer under medic swards can be independent of plant density or time of sowing and considerably higher than that in the absence of medics (Adem 1977) . Koala and Sims (1982) reported that black medic increased wheat yields 92% and water use efficiency 8 1 To in a ley farming experiment conducted near Bozeman, Mont.
Because M. lupulina is now distributed world-wide, natural selection probably would have differentiated the populations originating in different countries. Attributes of the M. lupulina populations tested are listed in Table 6 . Introductions from Greece, Iran, Spain, U.S.S.R., and Yugoslavia excelled in reseeding ability. Individual accessions from some of the other countries also were able to reseed and also had high ground cover values. Most accessions were phenotypically heterogeneous and are expected to be genetically responsive to a variety of environmental circumstances (Lammerink 1968 ). An exceptionally broad and plastic germplasm base could be attained if several accessions or ecotypes were selected, the seed increased as separate populations, and the increase mechanically blended to form a seed mixture for pasture plantings or oversowing. Such a scheme would allow the release of one population with the capability of excelling in many kinds of sites (G.A. Gintzburger, unpublished) .
Conclusions
Medicago lupulina (black medic) was better adapted to the environment of the northern Great Basin as exemplified by a Cache Valley, Utah, nursery site during the 3 years of experimentation than any of the annual species within that genus. While most medics grew well, were nodulated, and were capable of fixing atmospheric nitrogen, M. lupulina had superior reseeding and ground cover characteristics. Significant diversity was exhibited among the 70 M. lupulinu introductions tested. Selected introduc- 
